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Received May 19, 1996 ; revised and accepted June 27, 1996. total of 1000 red blood cells (RBCs)) This method, aside from being time consuming when used routinely, also presents important limitations:
It is relatively inaccurate because of the subjective morphological definition of reticulocyte (especially for the more mature cells belonging to the fourth class according to Heilmeyer) [1] [2] [3] , and is very imprecise [4, 5] . In the various proficiency testing programs based on this counting method, variable CVs were obtained on the basis of the reticulocyte concentration of the sample, with values of 15-20% for decidedly high concentrations, reaching 40% for reticulocyte concentrations in the reference interval [4, 6] .
These limitations make the method unreliable above all at low values, that is, in situations in which one must define reduced erythropoietic activity of the marrow (values under the lower reference limit) or in which small but significant variations that appear in the early recovery of postaplasia or postmarrow transplant erythropoietic activity must be monitored [7] . For some years automated methods based on flow cytometry involving fluorescent dyes that bind reticulocyte RNA have been commercially available. Dyes such as thiazole orange, thioflavin T, and ethidium bromide are used in nondedicated flow cytometers (for example, those produced by Coulter, Becton Dickinson, or others), whereas auramine 0 is used with analyzers made specifically for reticulocyte counts such as the R series produced by Sysmex (TOA Medical Electronics, Kobe, Japan). These methods allow for fast and objective counts, and because they analyze tens of thousands of cells per sample, they reduce the sampling error and are therefore more precise even if they do not agree perfectly with one another [8] [9] [10] [11] . In addition, they allow for the quantitative analysis of the relative maturity of reticulocytes, a clinically useful variable independent of the percent or absolute reticulocyte count [12] .
Recently, partially automated methods have been introduced that involve stains for RNA such as the new methylene blue or oxazine 750 and that do not require fluorescence measurements. These new methods were developed for application with cytometers for complete blood count (CBC) and for differential leukocyte counts that are currently on the market, the former on In a typical sample, 32 000 cells are analyzed by means of three probes: volume, conductivity, and laser light scatter. By using this information, each cell is placed within a threedimensional matrix.
The DF5 scatter plot shown in Fig. 1 Of these, 27 were not analyzed on the R-1000. To study the behavior of the instrument for reticulocyte values close to zero, 12 patients were selected. They were either receiving intensive therapy for acute leukemia or were in aplastic phase after bone marrow transplantation.
Because some potential interferents in reticulocyte counts such as micro-and Inacrocytes or other cells present in the samples, which are not correctly gated, are known to exist, we verified the behavior of the MAXIM in the presence of some of these: lymphocytes (n = 5, range 11-195 x l09/L), thrombocytes (n = 4, range 850-1650 X 1091L), giant platelets (n = 8), microcytic RBCs (n = 7, range 57.3-75 zm3), macrocytic RBCs (n = 9, range 111.2-136 .tm3), and nucleated
RBCs (NRBC)
(n = 3, range 0.7-1.3 X 100 RBCs).
All samples were collected with the consent of informed donors by venipuncture into 3-mL K3EDTA evacuated tubes (Hemogard;
Becton Dickinson, Rutherford, NJ). For the patients with marrow aplasia, samples were taken from leftover blood collected for routine CBC.
The analysis on MAXM (CBC and reticulocyte count) and on R 1000 was done within 4 h of drawing samples. During this period the material was kept at room temperature (20-23 #{176}C) .
STATISTICAL ANALYSIS
Every sample was analyzed in duplicate and in random order.
The absolute values (X 10) were calculated for the MAXM and reference by multiplying the respective percentage value by the RBC count obtained on the MAXM. The R-l000 provides both percent and absolute values. The study of the imprecision was done with one-way ANOVA between duplicates of all the samples analyzed. The calculation is referred both to the total of the samples (overall imprecision) and to three subgroups (low, normal, high) selected after having established the reference intervals in percentage and absolute values for each method [13] .
The mean values obtained for each sample and for each method were compared [13] 
Results

REFERENCE INTERVALS
The reference intervals (%) of the three methods are presented in Fig. 3 . Since the distributions are approximately log normal, the intervals both in percentages and absolute values (X 109/L) are calculated with a nonparametric method (the central 95% of the distribution) and are shown in Table 1 . One can see that the intervals differ above all by the median. The intervals produced with the manual/visual method and with the R-1000 are essentially superimposable with those obtained in a previous study on a different group of subjects [19] .
IMPRECISION
The CVs obtained both with the MAXM and by the manual/ visual method are shown in Table 2 . The imprecision of the manual/visual method decreases as the reticulocyte concentration increases and does not differ significantly from the previous results obtained in a similar study [19] to both the manual method and the Sysmex [Ii, 21, 22] . The possibility of utilizing traditional hematologic analyzers with the ability of counting reticulocytes is of notable interest because it gives even small laboratories the advantage of better precision and increased objectivity in the counts. when compared with the manual method at normal or high reticulocyte concentrations ( Fig. 4 and Table 3 ). It follows that when used for diagnostic purposes any consideration must be referred to the intervals established for each method.
On the MAXM the imprecision is notably less with respect to the manual/visual method, especially at low or normal concentrations (CV 16.1% vs 67.0% and 16.9% vs 28.9%, respectively); at high concentrations this difference is not as pronounced (CV 9.5% vs 13.0%). To judge the quality of the results of the imprecision it is possible to refer to the preliminary report for the College of American Pathologists reticulocyte project (CV,,,, <15%) [5] ; in this case with an overall imprecision of There are still several approaches to define the analytical goal of imprecision [23] . One is that proposed by Cotlove et al. [24] and often referred to by Fraser et al. in the case of monitoring, which is the most restrictive condition:
<0.5CV1, [25] [26] [27] , where CV1 represents the biological variability within subjects; the only information relative to the reticulocyte biological variability was published in NCCLS H44-P: CV1, = 20% [13] . Using this data, the maximum imprecision would be 10%, and thus with this second approach the goal is not reached. For group screening, the analytic goal for imprecision should be less In the group of 31 samples with low values according to the microscopic method (% reticulocytes <0.40), MAXM's tendency to overestimate was evident: mean difference = 0.30. The lowest value obtained by the MAXM in this group was 0.16% despite the presence of six samples from subjects having undergone marrow transplants or intensive chemotherapy for acute leukosis; these samples had counts of 0.0 with the microscopic method. Even if the Wilcoxon's test shows statistically significant differences for all three subgroups (low, normal, high), For high concentrations the sensitivity of the MAXM is decidedly better: 87.3%. When the information of the R flag was also used (thus relying on microscopic method), the sensitivity at low values increased to 77.4%; seven samples classified as false negatives were flagged (6 of 13 classified as "normal" and 1 as "high"). The use of the R flag means the systematic revision of all the "low" samples and of some "normal" samples because the low limit of the reference interval of MAXM is 0.37%; the MAXM produced the R flag on all samples with reticulocyte counts <0.5%. Thus, if the R flag improved the sensitivity at low values it also notably reduced the overall agreement (66.6%) and forced a microscopic count of a discrete percentage (14.6%) of samples that would have been correctly classified by the MAXM on the basis of counts only. The comparison with the R-l000 shows a statistically significant difference (P <0.01) with an overall tendency to underestimate (mean difference -0.26) because of the underestimation of the MAXM at normal values and above all at high values. There are no significant differences between the R-1000 and the manual method (D = 0.05, P = 0.166).
The potential interferences studied had no systematic effect on the reticulocyte counts even if at times there were differences between the first and second counts of the same sample. This anomalous behavior was not due to the interferents in the sample since it was evident even in samples considered completely normal. For the possible effects due to the presence of NRBC, the three samples tested had a modest concentration, and thus further studies are necessary.
The linearity is good and the carryover is low enough, even if not negligible for particularly low reticulocyte concentrations.
'fhe study of delaying the analysis of the sample indicates that there are no significant differences between 0.5 and 24 h when kept at 4 "C.
In conclusion, MAXIM is acceptable as a means of screening, strictly with its own reference interval. It proved capable of indicating reticulocyte increases; the same, however, is not true for decreases in concentrations, given the reduced sensitivity at low values. This can be improved if the R flag is used with the count and a subsequent careful microscopic count is made. The instrument can also he used for general monitoring and, to a lesser extent, for monitoring early recovery of erythropoietic Time of incubation (hours) activity of the bone marrow (on the basis of its overestimation at low concentrations and its carryover). For monitoring therapy it cannot be interchanged with the R-l000.
For an improved utilization, inaccuracy must he reduced at low values, and to further reduce imprecision, all the steps of the analysis (volumes, times, and working temperature) should be automated.
